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Abstract 
Autism Spectrum Disorder (ASD) is characterized by hallmark impairments in the social 
communication domain. However, there has recently been a growing recognition of the movement 
coordination difficulties that are also pervasive in a vast majority of this population. The Play and 
Move Study is an ongoing multi-site randomized controlled trial at the Universities of Connecticut 
and Delaware that aims to target both the perceptuo-motor and socialization impairments in 
children ages 6-12 with ASD. The study compares the effects of two types of whole-body, gross-
motor interventions to a standard-of-care seated play intervention on multiple skills in children 
with ASD. Therefore, the study has 3 intervention groups, namely, a music- and dance-based 
“play” intervention, a general exercise-based “move” training, and a fine motor activity-based 
“seated play” intervention. This thesis will focus on the “play” group that receives a play-based 
intervention that incorporates music, yoga, dancing, and other creative movements. Drumming is 
one of the integral music-making activities practiced during the program to improve multi-limb 
coordination and rhythmic imitation capabilities of the participants. In this paper, we assessed the 
drumming performance of 9 participants using a custom-developed, structured coding scheme. 
The scheme assessed imitation error during drumming performance within 6 spatial and temporal 
error categories: movement precision, movement modulation, symmetry/reciprocity, pace, 
rhythmicity, and segmentation. A within-subjects pre-post comparison of drumming performance 
from before and after the 8-week intervention was conducted and we found that the participants 
improved in 5 out of the 6 error categories. Moreover, participants had fewer spatial than temporal 
errors during drumming performance. The study’s results may be used to advocate for the value 
of music and play-based movement interventions to improve imitation and bilateral motor 
coordination skills of children with ASD.  
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Introduction 
Autism is a spectrum of closely-related disorders that affects an individual’s socialization, 
communication, and motor coordination skills. In the United States, approximately 1 in 54 children 
are diagnosed with ASD, with children showing signs of autism as early as at 1 year old, making 
early intervention key in managing the disorder (Mandell & Lecavalier, 2014). More than 80% of 
children with ASD have motor deficits, showing difficulty with coordinated hand/head 
movements, movement planning, and balance (Fournier et al., 2010), as well as interpersonal 
synchrony and imitation and praxis (Srinivasan et al., 2015). In one study that compared the 
performance of skilled gestures to imitation and verbal command in children with ASD and in 
typically-developing children, researchers tested for spatial errors (the spatial orientation of 
movements) and temporal errors (errors related to timing of movements). The team found that 
children with ASD made significantly more spatial errors than typically-developing children 
(Mostofsky et al., 2006). A similar study showed that children with ASD made significantly more 
incorrect spatial errors to command, and significantly more spatial and temporal errors to imitation 
than children with other developmental disorders and typically-developing children (Dewey et al., 
2007). These impairments in motor coordination lead to difficulties performing basic gross motor 
skills, such as running, jumping, and hopping (Provost et al., 2006). Similarly, poor imitation and 
interpersonal synchrony skills limit the ability to grasp learned physical activities, such as 
bicycling and swimming (Srinivasan et al., 2015). Research has also shown that children with ASD 
are more likely to be overweight or obese than typically developing youth (Curtin et al., 2010). 
Several factors contribute to this pattern, including genetics, medication use, higher levels of 
sedentary behavior, and disordered sleep (Healy et al., 2018). Moreover, poor movement skills 
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impact children’s ability to play with other kids of their own age and therefore indirectly impact 
on socialization and peer relationships (Donnellan et al., 2013; Srinivasan et al., 2014). 
 
Given the evidence of motor deficits in ASD and their cascading effects on multiple aspects of 
children’s social-emotional, physical, and psychological development, researchers have become 
dedicated to treating these impairments and improving these children’s quality of life using 
movement-based interventions (Healy et al., 2018; Lang et al., 2010; Sowa et al., 2010). By 
implementing structured physical exercise activities, like treadmill jogging and weight training, 
these programs have shown both physical and psychosocial improvements in children with ASD 
(Miyahara, 2013). For example, one study that tested the efficacy of an aquatic program on 
physical fitness in children with ASD found that the program caused significant improvements in 
muscular strength, endurance, and motor skills in the children (Pan, 2011) Similarly, a study that 
tested the efficacy of a treadmill walking program in adolescents with severe autism found 
significant reductions in BMI and increases in caloric expenditure, as well as improved treadmill 
walking frequency and speed (Pitetti et al., 2006).  
 
In addition to structured physical activity interventions, the field has also assessed the impacts of 
more novel, creative movement options based on music and dance. Music and dance are attractive 
options to use with this population because children enjoy music and have good pitch perception 
skills (Heaton, 2003). Music also provides a variety of opportunities to practice movement skills 
that are impaired in children with ASD, such as rhythmic timing, moving to counts, using both 
sides of their body together, and practice of complex movement sequences (Rodriguez-Fornells et 
al., 2012). Past studies show that incorporating singing, music-making, joint action, and social 
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synchrony into interventions has resulted in improvements in core social communication deficits 
and perceptuo-motor comorbidities in children with ASD (Srinivasan & Bhat, 2013). One study 
that tested the effects of interactive music therapy on young adults with ASD found that the 
participants improved significantly in musical skills, such as singing a short melody, playing piano 
scales, and executing complex rhythmic patterns, and also showed improvements in psychiatric 
symptoms (Boso et al., 2007). Another study examining the effects of a combined dance and music 
therapy on young adults with ASD found that the activities provoked both physical and 
psychological well-being, improvement in attention, empathy, self-control of emotions and 
impulses, and imitation (Mateos-Moreno & Atencia-Doña, 2013). Drumming, the activity at the 
focus of this paper, is particularly therapeutic and has the potential to improve confidence, 
communication, attentional focus, temporal accuracy, and spatial awareness (Lowry et al., 2018).  
 
The Play and Move Study aims to diversify autism interventions to include creative movement 
ideas that address both primary social communication and comorbid perceptuo-motor impairments 
in children with ASD. The multi-site study at the University of Delaware and the University of 
Connecticut evaluates the effects of creative movement and physical activity compared to a 
sedentary play intervention on the socialization and motor skills of children with ASD. Participants 
are randomly assigned to a play group, a move group, or a seated play group. Each group performs 
unique activities over 8 weeks and completes a pretest and posttest session before and after the 
training period. As mentioned above, drumming and music-making is one of the integral 
elements/conditions practiced in the “play” group. In addition, all 3 groups received a drumming 
test during the pretest and posttest sessions to assess changes in the child’s ability to accurately 
copy a series of incrementally challenging drumming movement sequences following training. 
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Drumming is done in both the training sessions (in the play group only) and the testing sessions, 
and has both a social and movement component, and thus can be used to assess both multi-limb 
coordination and imitation capabilities in the participants. 
 
For the purpose of this thesis, we analyzed the drumming performance of the play group, since the 
play group in particular did extensive training in drumming, so we were interested in seeing how 
their performance between pretest and posttest changed due to the training. Using a custom-
developed, structured and manualized coding scheme accounting for spatial and temporal errors 
in movement performance, we coded video recordings of the pretest and posttest sessions to 
quantitatively measure the drumming performance of 9 participants in the play group. We 
hypothesized that the play group would show group trends of improvements in all error categories 
because the drumming practice that participants received during their training sessions included 
complex and creative modifications that we think may help children improve spatial and temporal 




The Play and Move Study is an ongoing multi-site study consisting of 3 intervention groups. The 
first is a “play” group that receives creative movement training involving yoga, music, and dance. 
The activities focus on multi-limb coordination and synchronized balance skills. The second 
“move” group performs fitness, strength, and flexibility activities that focus on dual-limb 
strengthening and endurance training. The sedentary “create” group engages in seated activities, 
such as reading, building, and arts and crafts that focus on fine motor and academic skills. The 
ASSESSING DRUMMING PERFORMANCE IN CHILDREN WITH ASD      7 
“move” and “create” groups serve respectively as the physical exercise and social interaction 
controls for the experimental “play” group. Since this is an ongoing study, the data collection on 
all three training groups is not yet complete. Since the training activities in the play group are most 
similar to the testing measures used in the analysis of drumming performance, I restricted my 
analysis to the play group to see if rhythmic drumming training improves the imitation capabilities 
of complex drumming patterns in children with ASD outside the training context from pretest to 
posttest. 
 
Two rounds of the intervention were carried out, each with a different set of drumming patterns. 
Round 1 had 5 participants in the play group (all males), and Round 2 had 4 participants in the 
play group (3 males, 1 female). Due to the COVID-19 pandemic, the testing sessions in Round 2 
were done through an online video platform. Because the tester could not guide the participant in-
person, the Round 2 sessions required much more involvement from the participants’ 
parents/guardians. Their role was to be an in-person model for the child and to provide manual 
assistance and prompting as needed for the child to focus on the virtual testers and to ensure the 
child's compliance with training protocols.  
 
Figure 1.1: Set-Up of Round 1 Drumming Session with the participant and tester sitting across 
from each other in the same room 
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Figure 1.2: Set-Up of Round 2 Drumming Session with the tester having a video call with the 
participant and their parent/guardian 
Participants 
The team strictly followed the procedures of a Human Subjects Protocol that was approved by the 
Institutional Review Board. Children ages 6-14 years with an ASD diagnosis were recruited using 
UConn KIDS (Kids in Developmental Science), an IRB-approved database of over 2000 children 
whose families have agreed to participate in research studies by UConn researchers, as well as 
through posting fliers online and contacting local schools, clinics, and community centers.  
 
Upon contact with a family interested in participating in the study, they were asked to sign a 
screening consent form and complete a screening questionnaire and the Social Communication 
Questionnaire, a diagnostic screening tool for children with ASD, over a phone interview. Next, 
the parent/guardian was asked to mail a medical record by a pediatrician, clinical psychologist, or 
psychiatrist confirming their child’s diagnosis. Children were eligible to participate if they were 
between 6 and 14 years of age and had a confirmed ASD diagnosis. Children were excluded if 
they had additional hearing or vision impairments or orthopedic, neurological, cardiovascular, or 
respiratory conditions that would affect the child’s ability to participate in the training or testing 
sessions. Eligible families were sent a full study consent procedure and were asked to complete an 
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electronic consent form or mail a hard copy of the consent forms to the team. Next, children were 
randomly assigned to one of the three intervention groups, and verbal assent was obtained from 
the child at the start of each training or testing session by saying “yes” or with a “thumbs up.” 
 
Study Procedures 
The intervention consisted of 16 training sessions and 6 testing sessions; the pre-test and post-test 
sessions occurred within two weeks before and after the 8-week training period. All sessions were 
video recorded for coding and analysis. 
 
Training Protocol: 
The play group’s training sessions occurred twice a week and were delivered in a small group 
format comprising an expert clinician (a pediatric physical therapy/movement science graduate 
student or faculty), an adult confederate (a trained undergraduate student), the child, and their 
parent/guardian. The training team used principles of Applied Behavioral Analysis (Lovaas, 1987), 
Treatment and Education of Autistic and Communications- Handicapped Children (TEACCH; 
Mesibov et al., 2005), and Picture Exchange Communication System (PECS; Bondy & Frost, 
2001) to ensure learning and compliance of children with ASD. In addition, verbal and gestural 
positive reinforcement and prompting were provided as needed, and small rewards such as stickers 
and toys were used to motivate children to complete the target activities. Other principles of 
practicing trial and error, creative movement exploration, and choice-making were also 
incorporated into the training sessions.  
 
The children received 45 minutes to an hour of play involving the following activities and more: 
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a. Hello Game: Greetings and introductory statements to facilitate spontaneous verbal and 
nonverbal communication, eye contact, and turn-taking 
  
 
b. Action Game: Hand games and dancing to an “action song” to facilitate interpersonal 
synchrony 
 
c. Music time: Using rhythmic beats of music, musical instruments, and drumming to 
facilitate whole body movements, imitation and bilateral motor coordination; Specifically, 
the drumming activities incorporated themes such as Stop & Go, Move to a Count, and 
Turn-taking. For each theme, we used auditory-motor mapping and practiced patterns with 
and without words. We had children start with unilateral patterns and then progress to 
bilateral movement sequences, while adding other body parts (drumming/tapping head, 
shoulders, feet, thighs etc.) to the drumming sequences. We also added to the complexity 
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of drumming imitation by incorporating pauses, practicing different types of rhythmic 
drum sequences such as quarter-eighth notes, and adding turn taking demands. Other skills 
in drumming included the children’s practice of creating their own drumming patterns, 
increasing the number of steps in patterns, and using different parts of the hand, i.e. fingers, 
palms, and fists to hit the drum. 
 
 
d. Moving Game: Using music and whole-body dance movements to facilitate imitation and 
interpersonal synchrony skills 
 
e. Yoga and Breathing: Promoting strength, flexibility, and balance through performing 
various story-based and song-based poses; encouraging alertness and relaxation through 
slow and regulated breathing patterns 
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f. Farewell Song: Singing a “goodbye song” with gesturing and eye-contact to encourage 
verbal and non-verbal communication 
 
Testing Protocol: 
The testing sessions were led by an expert clinician who was not the child's tester during the pretest 
and posttest sessions. These testing sessions involved children being tested on a variety of 
standardized and custom developed tests that assessed social communication, cognitive, gross 
motor, fine motor, imitation, synchrony performance, and drumming accuracy. 
 
Blinding and Reliability 
When coding the video recordings of the sessions, I remained blind to which of the three 
intervention groups the participants were in and only observed the testing video recordings in 
which the participants were drumming. To ensure accurate and consistent coding, I established 
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intra-rater reliability of over 95% on all error categories by coding a subset of the videos twice and 
inter-rater reliability of over 90% with another coder on a subset of the videos. 
 
Coding of Drumming Performance 
A structured coding scheme was used to assess the accuracy of the drumming performance of 
participants. A list of spatial and temporal errors was established to quantitatively measure the 
participants’ drumming performance. An error made by the participant resulted in a score of 1, and 
no error resulted in a score of 0, so a higher score indicated a poorer drumming performance. Other 
factors measured were the time to best effort to complete the drumming patterns, and the number 
and types of prompts needed from the tester/caregiver for the participants to complete the patterns. 
Table 1 provides a description of the errors coded in drumming performance across all children.  
 
Table 1: Errors in drumming imitation performance  
Error Type: Error Description: 
Temporal Errors 
Rhythmicity Child had difficulty distinguishing speed 
changes within a demonstrated rhythmic 
pattern 
Segmentation Child halted in the middle of the pattern 
Pace Overall pace of the movement sequence was 
slower or faster than that of the trainer 
Spatial errors 
Symmetry/Reciprocity Child committed errors of symmetry or 
reciprocity within bilateral movement 
sequences – example, the child either used 
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just 1 hand or did not use 2 hands at the same 
time or in an alternating manner as required 
Movement Precision 1. Incorrect sequence of the pattern - example, 
drumming “Corn spinach corn spinach” for a 
pattern that is “Corn spinach spinach corn”  
2. Errors in movement accuracy due to 
addition or omission of steps within the 
movement sequence - example, when the 
examiner drums cucumber with 3 hits, the 
child either misses a hit and only hits the 
drum twice or the child adds an extra 
movement for the word 
3. Completely incorrect pattern 
Movement Modulation Movements were either insufficient or 
exaggerated in terms of effort and range of 
motion as compared to movements of the 
trainer, for example, child just tapped with 2 
fingers instead of using whole hand and 
moving through the entire range of motion 
from the shoulder and elbow 
Prompts and timing measures 
Prompts A score of 1V/1M/1G was given if the child 
needed additional (V)erbal 
prompting/(M)anual hands-on/ or (G)estural 
assistance beyond the initial instruction and 
demonstration to perform the movement. 
Time to Best Effort The time from the end of the trainer’s 




In Round 1, the participants were asked to associate the drum hits with words/syllables - this 
auditory-motor mapping was meant to structure the task and aid children in understanding the 
expected rhythm - For example, "spinach" has 2 syllables, so child was expected to hit the drum 
twice while enunciating the word appropriately into its component syllables. Similarly, 
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“cucumber” has three syllables, so the child was expected to hit the drum three times while 
enunciating the word into its three components. The 1, 2, and 3-syllable words were our building 
blocks that were then put together into three levels of drumming sequences with multiple steps 
ranging from 1-7 step sequences. We added to this complexity by having the children practice 
hand movements in a unilateral, bilateral-symmetrical, and bilateral-alternating fashion. Each 
phrase was repeated four times. For example, the participant would say “cucumber” and hit the 
drum three times, and repeat that four times. 
 
The intervention was still being developed during Round 1, so initially participants practiced these 
3 levels of drumming patterns. But during this time, the study team consulted a music faculty who 
helped us expand the training activities and develop a more comprehensive testing protocol. The 
protocol included a variety of rhythmic patterns that capitalized on principles used to teach children 
musical rhythms and percussion (as discussed in the Training protocol section above). Therefore, 
in Round 2, we added more complexity by layering in demands of a. Drum Freeze - in which the 
child had to pause at the end or in the middle of a drum pattern, b. Turn Taking - in which child 
had to drum while taking turns with the tester to simulate a typical verbal communicative 
exchange, and c. Body Drum - having the child tap body parts and the drum as part of the rhythmic 
sequence. We also wanted to assess the impact of the auditory coupling on the motor imitation 
performance - so we asked children to drum first while saying the words out loud and then drum 
without the words. For example, the participant would first tap the drum five times while saying 
“I can count to five” (5 syllables in the sentence corresponding to 5 drum hits), then repeat this 
pattern three times while saying the sentence out aloud each time. They would then repeat the 
rhythm 3 more times but this time without saying the words out aloud. 
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Dependent variables and statistical analyses 
For each child, across the pretest and posttest visits, for each error type, we calculated a total error 
score by summing the errors committed by the child across all drumming patterns tested. In 
addition, we calculated a total spatial error score which was the sum of errors made by the child 
within the error categories of movement precision, symmetry/reciprocity, and movement 
modulation across all drumming patterns. Similarly, a total temporal error score was calculated by 
summing errors made under categories of pace, segmentation, and rhythmicity. We conducted 
dependent t-tests to assess training-related changes in drumming performance (total spatial error, 
total temporal error, and total errors on the individual 6 error categories) from pretest to posttest. 
We also conducted dependent t-tests on the total prompt scores and time to best effort. Given our 




Total spatial errors:  
From pretest to posttest, children reduced the total number of spatial errors made during drumming 
with this trend approaching statistical significance (Mean (SD): Pretest - 10.67(7.11), Posttest: 
5.33(5.81), p = 0.06). Although the finding was not statistically significant, Figure 2.1 depicting 
individual data on spatial errors shows that 7 out of 9 children followed the group trend. A further 
analysis of error categories that were summed to create the spatial error score suggest that 
improvements in performance were driven by improvements in movement modulation and 
movement precision. Symmetry/reciprocity errors were low in the pretest sessions and stayed low 
in the posttests, with 3 out of 9 participants’ pretest and posttest scores staying at 0 (see Figure 
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2.4). Individual data on movement precision shows that 6 out of 9 participants reduced in error 
scores (see figure 2.2). 5 out of 9 participants reduced in movement modulation error scores, with 
one child’s score dropping from 12 to 0 (see Figure 2.3), suggesting its major role in the reduction 
of total spatial errors.  
 
Figure 2.1: Plot of spatial error scores between pre-test and post-test sessions. This includes a sum 
of the total Movement Precision, Movement Modulation, and Symmetry/Reciprocity errors for 
each of the nine participants. Note that each line in the graph represents an individual child.  
 
 
Figure 2.2: Plot of total Movement Precision error scores between pre-test and post-test sessions 
for all participants.  
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Figure 2.3: Plot of Movement Modulation error scores between pre-test and post-test sessions 
for all participants.  
 
 
Figure 2.4: Plot of Symmetry/Reciprocity error scores between pre-test and post-test sessions for 
all participants. 
Total temporal errors: 
The total number of temporal errors made during drumming also reduced from pretest to posttest, 
although the trends were not statistically significant (Mean (SD): Pretest - 8.89(8.08), Posttest: 
6.67(5.05), p = 0.59). Figure 2.5 depicting individual data shows that 3 out of 9 children reduced 
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in total temporal errors committed, 1 participant’s error score stayed the same, and 5 participants’ 
scores increased. Further analysis of the individual temporal error categories shows that pace was 
a driving factor in the increase in total error scores; 7 out of 9 participants increased in pace error 
scores (see Figure 2.7). However, 2 of the children’s total temporal error scores dropped from in 
the 20’s range to 0, which suggests that the children who did improve drove the drop in total 
average scores between pretest and posttest. The pace and segmentation categories show similar 
steep drops in error scores in the same two children (see Figures 2.6 and 2.7), suggesting that these 
two children’s improvements in pace and segmentation ultimately drove the total temporal error 
score trends. Rhythmicity may have also played a role in the overall temporal error trends since 5 
out of 9 participants’ rhythmicity scores reduced (see Figure 2.8). 
 
 
Figure 2.5: Plot of temporal error scores between pre-test and post-test sessions. This includes 
total Segmentation, Pace, and Rhythmicity errors for each of the nine participants. 
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Figure 2.7: Plot of Pace error scores between pre-test and post-test sessions for all participants. 
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Figure 2.8: Plot of Rhythmicity error scores between pre-test and post-test sessions for all 
participants. 
Group Data: 
Based on group data in all six error categories, we found reductions in error scores in all error 
categories except for pace (see Figure 2.9), with the trends for movement precision approaching 
statistical significance (Mean (SD): Pretest - 4.67(3.81), Posttest: 2.33(3.08), p = 0.078). Although 
the finding for movement precision was not statistically significant, Figure 2.4 depicting individual 
data on movement precision errors shows that 6 out of 9 children followed the group trend. 
 
We also reported on group data for average time to best effort and total prompt scores between 
pretest and posttest. The group’s average time to best effort stayed almost the same, indicating that 
there was no significant difference in the time taken for the children to complete the drumming 
patterns from pretest to posttest (see Figure 2.10). The total prompt scores were not statistically 
significant between pretest to posttest, although there was a trend indicating that children required 
more prompting to complete the drumming patterns in their posttest sessions compared to the 
pretest (see Figure 2.11).  
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Figure 2.9: Plot of group error scores between pre-test and post-test sessions. This includes 
averaged totals from all nine participants in Rounds 1 and 2. 
 
 
Figure 2.10: Plot of Group Data on Average Time to Best Effort from pretest to posttest.  
 
ASSESSING DRUMMING PERFORMANCE IN CHILDREN WITH ASD      23 
 
Figure 2.11: Plot of Group Data on Total Prompt Score from pretest to posttest. 
 
Discussion 
Overall, the participants’ drumming performance improved in 5 out of the 6 error categories from 
pretest to posttest. When assessing improvements based on spatial and temporal categories, it is 
evident that the participants performed better in spatial skills; 7 out of 9 participants showed 
improvements in spatial error scores, as opposed to only 3 out of 9 participants in temporal error 
scores. This could be the result of temporal skills not being emphasized and corrected as much 
during training as were skills like movement precision. Our emphasis was on form and accuracy, 
and we did not want children to focus on speed at the cost of accuracy. For example, in several 
instances, children were stopped and corrected for adding or missing a hit to the drumming 
sequence or for drumming the pattern completely incorrectly, but generally were not stopped for 
pausing in the middle of a sequence or for performing a pattern too quickly or too slowly. 
Furthermore, temporal skills were generally harder to impact than spatial skills over the 8 weeks 
of training; studies show that children with ASD have more difficulty with speed processing and 
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discrimination than typically-developing children (Manning et al., 2013). Pace in particular was 
the only category in the group data whose total scores increased between the pre-test and post-test 
sessions. We saw that some participants became slower from pretest to posttest, and some became 
faster; qualitative observations of the children’s videos suggested that some children who 
performed slower in the posttest were more attentive and tuned into the drumming patterns in the 
posttest, so to imitate accurately, they may have given themselves more time to process and drum 
the patterns correctly; they therefore halted more in the middle of sequences or performed the 
patterns slower than the tester. On the other hand, the children who became faster may have been 
more familiar and confident with the drumming patterns after seeing them the second time in the 
posttest. The participants’ overall drumming accuracy did not worsen because of these changes in 
pace, otherwise the movement precision scores would have followed the same trends. In fact, 2 
out of the 3 children whose segmentation scores increased, and 6 out of 7 children whose pace 
error scores increased also showed a reduction in movement precision scores. Thus, while we 
coded segmentation and pace as errors, they were not necessarily a reflection of poor drumming 
performance from the children. In fact, they were strategies used by children to either make 
necessary changes in their movement performance to ensure accuracy of performance or they are 
indicators of improved confidence and ease of movement abilities following training.  
 
Figures 2.10 shows that the group’s average time to best effort did not reduce significantly from 
pretest to posttest. As mentioned before, we emphasized spatial skills during training, and temporal 
skills were likely harder to impact. There was no statistically significant difference in prompt 
scores from pretest to posttest either (see Figure 2.11). We saw that generally participants 
committed fewer spatial errors without a statistically significant decrease in prompts. The children 
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still needed prompting, which likely means that the newly learned skills were still emerging. This 
could also be due to the limited duration of training; had the training been longer, perhaps the 
children may have mastered the skills and may not have required as much prompting. 
 
Our findings fit with the existing literature on the use of drumming interventions in children with 
ASD. Lowry et al. found significant improvements between their participants’ pretests and 
posttests, following a rock drumming intervention, specifically in movement consistency and 
coordination (Lowry et al., 2018). The only category in which their findings were not statistically 
significant was timing, which we also found with our temporal error category. Dewey et al. also 
found that their drumming intervention caused children with ASD to commit more distortion 
(temporal) errors than orientation (spatial) errors in imitation tasks (Dewey et al., 2007). Our 
specific finding of increased pace errors was found in another drumming intervention; the 
researchers saw that the children with ASD tended to speed up or slow down within a drumming 
sequence (Isenhower et al., 2012). 
 
Our analysis gives insight into the importance of play-based rhythmic movement interventions and 
their clinical implications for children with ASD. There is evidence that music-based interventions 
-- and drumming specifically -- promote social understanding and connectedness; a past study 
showed that drumming elicits sensorimotor synchronization in young children, and that children 
drummed with higher accuracy in a playful and social setting than with a machine’s prerecorded 
beat (Kirschner & Tomasello, 2009). The finding suggests that from a young age, children are 
driven to share emotions and experiences with each other, and that in rhythmic activities 
specifically, they have the motivation to move in synchrony. Thus, children who grow up in a more 
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socially musical environment develop stronger synchronization skills than children whose musical 
stimuli come from sources lacking social context. This study and our own analysis show that using 
music and rhythmic movements are essential and should become a standard component of future 
interventions for children with ASD. 
 
Although our results are promising, our study had several limitations. Since the Play and Move 
Study is ongoing, our small sample size for this analysis reduced the statistical power of our results. 
Moreover, due to the Covid-19 pandemic, switching our Round 2 sessions to a telehealth platform 
reduced the amount of control we had over the sessions and required parents to be more involved 
in the sessions. As mentioned, children often had to follow their parent’s directions instead of the 
trainer’s or tester’s, perhaps leading to less enthusiasm and engagement than working in-person 
with the expert trainers. It would be beneficial to repeat this analysis with a larger sample size and 
to compare the effects of telehealth vs. in-person intervention on the drumming performance in the 
children. Additionally, other social skills like communication and engagement are currently being 
explored in the context of movement interventions for children with ASD in our lab. Overall our 
study’s results provide preliminary promising evidence in support of the use of rhythmic 
drumming-based interventions to improve motor coordination, imitation, and movement accuracy 
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